.9 h), respectively) (P < 0.01). The addition of adrenaline increased the quality of analgesia 8 h after operation, but had no effect on the total amount of i.m. morphine administered during the first 24 h. The incidence of side effects was similar in all groups. (Br. J.
Although subarachnoid block is the method used most frequently to provide regional anaesthesia for lower segment Caesarean section in the U.S.A. [1] , it has only recently become a popular technique in the U.K. Its major advantages compared with extradural anaesthesia include speed of onset of a reliable surgical block and the excellent muscle relaxation provided.
The disadvantage of a "single-shot" subarachnoid technique lies in its inflexibility. In contrast, the use of combined spinal-extradural anaesthesia enables the anaesthetist to improve an inadequate block, prolong the duration of anaesthesia if required and give the patient a further extradural increment of local anaesthetic or opioid to provide postoperative analgesia [2] [3] [4] .
Because diamorphine is not widely available for clinical use outside the U.K., there are fewer studies investigating its use than those using morphine. However, diamorphine has a greater lipid solubility than morphine (olive oil/water partition coefficient of diamorphine 0.2 vs morphine 0.016 [5] ) and is more rapidly transferred across membranes from the extradural space to spinal cord receptors. This results in a faster onset time of analgesia [6] and limits the potential for rostral spread of diamorphine within the cerebrospinal fluid causing delayed respiratory depression.
When compared with i.m. diamorphine, extradural diamorphine has been shown to provide an improved quality of analgesia after Caesarean section under extradural anaesthesia [7] . The addition of adrenaline appears to extend the duration of analgesia without altering the incidence of side effects [7, 8] .
The present study was designed to assess the quality and duration of pain relief provided by subarachnoid anaesthesia combined with post-delivery extradural diamorphine. In addition, we have examined the effect of adding adrenaline to the extradural diamorphine.
PATIENTS AND METHODS
Hospital Ethics Committee approval was obtained. After obtaining informed consent, we studied 45 patients requiring either elective or emergency Caesarean section who did not have a functioning extradural in situ. In the operating theatre an i.v. cannula was inserted and Hartmann's solution 500-1000 ml was administered rapidly to maintain a systolic arterial pressure greater than 100 mmHg measured non-invasively. An 18-gauge Tuohy needle was inserted at either the L2-3 or the L3-4 interspace with the patient in the left lateral position. With the Tuohy needle in the extradural space, a 15-cm 25-gauge Whitacre (Becton Dickinson) spinal needle was guided through it to enter the subarachnoid space. After intrathecal administration of 0.5% hyperbaric bupivacaine 2.2 ml, an extradural catheter was placed 3.0 cm into the extradural space and secured to the back, then the patient was turned immediately to the right lateral position. Before commencement of surgery, all patients developed a sensory block to T4 which was adequate for the comfortable completion of surgery. Patients were excluded from the study when inadequate subarachnoid block occurred requiring extradural supplementation. After delivery of the baby, the patients were allocated to three groups: group 1 (control) (n = 15), received 0.9% NaCl 10 ml; group 2 (n = 15) received diamorphine 2.5 mg made up to a volume of 10 ml with 0.9% NaCl; group 3 (n = 15) received diamorphine 2.5 mg made up to a volume of 10 ml with 1:200000 adrenaline.
The paediatrician attending the operation opened a numbered, sealed envelope and prepared the named trial drug. This was administered via the extradural route by the anaesthetist, who was unaware of the nature of the solution. At the end of the operation, the extradural catheter was removed. Postoperative analgesia comprised morphine 10 mg i.m. and oral paracetamol 1 g to be administered as required.
A questionnaire was given to all patients and consisted of ungraduated 10-cm visual analogue scales to be marked for pain and sedation 2, 8 and 24 h after surgery. At 24 h, information on the incidence of itching, nausea, vomiting and urinary retention was obtained by direct questioning of the patient. The time from completion of surgery to the first administration of postoperative analgesia and the total dose of i.m. morphine received within the first 24 h after operation were recorded.
Statistical analysis
Analysis of variance was used to compare patient details and the 24-h i.m. morphine requirement. The Mann-Whitney U test was used to compare the duration of analgesia between groups and the linear analogue pain and sedation scores. No correction was made for repeated measures analysis. Chi-square tests were used to compare the incidence of nausea, itching and vomiting. P < 0.05 was considered statistically significant.
RESULTS
Patients in each group were of similar age and height, but the weight range varied most in those receiving diamorphine (table I) ; there were no significant differences between the three groups. Eleven of the 15 patients in each group underwent elective Caesarean section, the remainder having emergency surgery. The main indications for Caesarean section were repeat procedure, breech position and transverse lie of the fetus.
Two patients who consented to inclusion in the study required extradural bupivacaine in order for surgery to proceed. These patients were excluded from the study and their study envelopes were allocated to other patients to produce a total of 45 women. Anaesthesia was obtained satisfactorily with 0.5 % bupivacaine 2.2 ml and provided a minimum sensory block to T4 and acceptable operating conditions in all 45 women. Values measured and derived from the visual analogue pain and sedation scores are given in table II. Postoperative analgesia was considered to be satisfactory if the pain score on the visual analogue scale was less than 2.5 cm ( fig. 1) . At 2 h, patients in the control group scored themselves significantly more for pain than either of the treatment groups (P < 0.01). At 8 h, analgesia was significantly better in the group receiving diamorphine and adrenaline (P = 0.013). The difference between the control group and those receiving diamorphine did not achieve significance (P = 0.055). The two groups receiving diamorphine with or without adrenaline did not differ significantly (P = 0.95). At 24 h after surgery there were no significant differences between groups. The time to first postoperative analgesia was considerably prolonged in both treatment groups compared with the control group (P < 0.01) (table II) . The 24-h morphine requirement was greatest in the control group and least in the group receiving diamorphine (ns). A patient was considered sedated if she scored herself at greater than 2.5 cm on the 10-cm visual analogue sedation scale. On this basis, patients in the control and diamorphine groups were sedated similarly at all evaluation times, with maximum sedation recorded 2 h after operation ( fig. 2) . Patients in the group receiving diamorphine and adrenaline were more sedated 8 h after operation (P < 0.05) than either of the other groups, but sedation was comparable in all groups at 2 h and 24 h.
The groups did not differ in nausea or vomiting, although fewest side effects occurred in the control group and, whilst the control group suffered least from itching and the diamorphine and adrenaline group most, these differences were not significant (0.1 >P>0.05).
DISCUSSION
The findings of this study corroborate the analgesic efficacy of administering diamorphine via the extradural route after Caesarean section: the mean time to first analgesia was almost trebled in both treatment groups compared with the control group.
The combined technique, in which a subarachnoid injection was given before placement of the extradural catheter, provided good operating conditions very rapidly, with the facility to improve upon an inadequate block when necessary [2] [3] [4] .
In a previous study at this institution [7] , women received extradural diamorphine 2.5 or 5 mg with or without adrenaline when pain returned after Caesarean section under extradural anaesthesia. In the group receiving diamorphine 2.5 mg, the time to next analgesia was mean 4.76 h (range 1.0-12.5 h). The addition of adrenaline prolonged the time to next analgesia to 6.05 h (range 1.5-24.0 h). Similarly in the groups receiving diamorphine 5 mg, addition of adrenaline prolonged the time to next analgesia from 5.7 h (range 1.75-13.3 h) to 7.2 h (range 1.6-26.5 h). In contrast with the previous study, the mean times to next analgesia in the groups receiving diamorphine 2.5 mg by the extradural route without and with adrenaline in our study were 17.3 and 15.9 h, respectively.
It is unlikely that the difference in mean time to next analgesia was a result of the different timing of administration of the extradural diamorphine. In our study diamorphine was provided by the extradural route immediately on delivery of the baby, whereas Smith and colleagues [7] recorded time to next analgesia from the patient's postoperative request for pain relief (when diamorphine was administered by the extradural route), at which time the block was receding. Another possible explanation may be the type and quality of conduction block provided. Smith's group used extradural block for Caesarean section. The more profound sensory block initially associated with the use of subarachnoid block in our study may have decreased the severity of the patient's postoperative pain by preventing the development of neuroexcitability and pain patterning, as shown in other studies [9, 10] . Lastly, the presence of the hole made in the dura by the spinal needle may have permitted a greater percentage of the diamorphine injected by the extradural route to be transferred through to the cerebrospinal fluid and fixed by the neural tissue.
Another difference between the two studies is the finding by Smith and colleagues [7] that the addition of adrenaline to diamorphine prolonged the time to the next analgesia. However, they found that, whilst there was a tendency to prolonged analgesia with adrenaline, the only significant difference was between groups receiving diamorphine 2.5 mg alone and those given diamorphine 5.0 mg with adrenaline (P < 0.05). The effect of adding adrenaline is not further clarified by the present study. At 2 and 24 h, the group receiving diamorphine alone had better analgesia, whilst at 8 h analgesia was superior in the group receiving adrenaline. Differences between these two groups were not significant at any time of measurement. By causing vasoconstriction of the extradural veins, adrenaline decreases the amount of diamorphine absorbed systemically [11] , thus effectively increasing the concentration available in the extradural space and thus we expected more prolonged analgesia in the women receiving adrenaline. The small numbers in each group may account for why we did not find this. As a corollary of decreased systemic absorption, one would expect to find less sedation in the adrenaline group than in the group receiving diamorphine alone. Unexpectedly, patients in the adrenaline group were significantly more sedated than those in the other groups at 8 h after the operation. This may reflect the superior analgesia experienced at this time or possibly, in common with clonidine, extradural adrenaline may, as an alpha agonist, have some sedative effect in its own right [12] .
The incidence of side effects was comparable between groups. Other studies [13] have demonstrated an increased incidence of nausea, vomiting and itching in patients given extradural opioids. Itching appeared to be increased in both treatment groups compared with control, but this was not significant because of the relatively small numbers in each group. No patient complained of urinary retention or postural headache on direct questioning the following day.
In conclusion, extradural diamorphine provided prolonged analgesia after Caesarean section under subarachnoid anaesthesia. Addition of adrenaline had little effect on the quality or duration of analgesia in the women studied. Initial subarachnoid rather than extradural block may also increase the duration of postoperative analgesia.
